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ABSTRACT
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Doctor of Philosophy
HIGH MASS X-RAY BINARIES IN THE MILKY WAY AND BEYOND: A
MULTIWAVELENGTH TEMPORAL AND SPECTROSCOPIC STUDY
by Elizabeth Shirley Bartlett
High Mass X-ray Binaries (HMXBs) represent an important stage in the evolution
of massive stars and are some of the brightest sources in the X-ray sky. In the
ﬁrst half of this thesis a detailed analysis of X-ray observations of two HMXBs,
the Be/X-ray Binary (BeXRB) Swift J045106.8-694803 and the supergiant/X-ray
Binary XTE J0421+560/CI Camelopardalis, is presented. Simulations of the X-
ray spectrum of Swift J045106.8-694803 show that both the spectral and timing
properties can be reproduced by a blackbody and power law pulsating ∼ p out of
phase with each other. The pulse proﬁle of the blackbody is used to determine
the angle between the rotation and magnetic axes of the neutron star and the an-
gle between the rotation axis and line of sight. The apparently broad iron line of
XTE J0421+560 is decomposed into three intrinsically narrow lines, FeI-Ka, FeI-
Kb and FeXXIV-XXVKa. The light curve extracted in the energy range deﬁned as
the Fe-Ka line from the spectral ﬁts shows marginal evidence for a lag when cross
correlated with that of the continuum. The lag is interpreted as the light crossing
time of the circumbinary torus and implies a radius of 10 AU. The second part of
this thesis considers HMXBs as a population. I describe the search for XRBs in
the Phoenix dwarf galaxy, a Local Group dwarf irregular galaxy which share many
similarities with the Small Magellanic Cloud (SMC), which has an apparent over-
abundance of HMXBs. Finally, I discuss why the BeXRB population in the SMC
is ideal for population studies and outline the work done to search for evidence for
two different neutron star formation channels in their physical parameters.ACKNOWLEDGEMENTS
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Conclusions & Future Work
Throughout my PhD I have studied HMXBs both individually and as a population.
In this Chapter, I will summarise my work and identify areas where my results may
be used as stepping stones for new projects.
In Chapter 2 I explain the decrease in the pulsed fraction of Swift J045106.8-
694803 with increasing energy and the anticorrelation of the hardness ratio and
pulse proﬁle with a two component source spectrum (an absorbed power law and
black body). Simulations run to reproduce the anticorrelation in the pulse proﬁle
and hardness ratio show that this behaviour can be explained if the two components
are pulsating ∼ p out of phase. Despite the fact that both spectral components have
similar pulsed fractions, the combined effect of the two pulsating components has
very little effect on the overall spectrum at energies & 3 keV, thus explaining the
reduction in the pulsed fraction. The temperature and X-ray luminosity of the black
body suggests an emitting radius of 0.5±0.2 km. This, along with the apparent
variation of the black body with rotation, suggests the emission originates from a
polar cap. The simulated pulse proﬁle of the black body was used to constrain the
angles between the rotation axis and the magnetic axis, a and the angle between the
rotation axis and line-of-sight z.
In Chapter 3 I decompose the apparently broad iron line of CI Cam into three
intrinsically narrow lines, neutral Fe-Ka and Kb and almost completely ionised
121APPENDICESA
Complete X-ray Source List for the
Phoenix Dwarf Galaxy
127134 Bibliography
Mereghetti S., Pietsch W., Snowden S., Tiengo A., 2012a, Astron. Astrophys.,
545, A128
Haberl F., Sturm R., Filipovi´ c M. D., Pietsch W., Crawford E. J., 2012b, Astron.
Astrophys., 537, L1
Harris J., Zaritsky D., 2004, Astron. J., 127, 1531
Harris J., Zaritsky D., 2009, Astron. J., 138, 1243
Heindl W. A., Coburn W., Gruber D. E., Pelling M. R., Rothschild R. E., Wilms J.,
Pottschmidt K., Staubert R., 1999, Astrophys. J. Lett., 521, L49
H´ enault-Brunet V., Oskinova L. M., Guerrero M. A., Sun W., Chu Y.-H., Evans
C. J., Gallagher III J. S., Gruendl R. A., Reyes-Iturbide J., 2012, Mon. Not. R.
Astron. Soc., 420, L13
Hickox R. C., Narayan R., Kallman T. R., 2004, Astrophys. J., 614, 881
Hidalgo S. L., Aparicio A., Mart´ ınez-Delgado D., Gallart C., 2009, Astrophys. J.,
705, 704
Hilditch R. W., Howarth I. D., Harries T. J., 2005, Mon. Not. R. Astron. Soc., 357,
304
Hjellming R. M., Mioduszewski A. J., Ueda Y., Ishida M., Inoue H., Dotani T.,
Lewin W. H. G., Greiner J., 1998, IAU Circ., 6872, 1
Ho W. C. G., 2007, Mon. Not. R. Astron. Soc., 380, 71
Holtzman J. A., Smith G. H., Grillmair C., 2000, Astron. J., 120, 3060
Hong J., Schlegel E. M., Grindlay J. E., 2004, Astrophys. J., 614, 508
Horne J. H., Baliunas S. L., 1986, Astrophys. J., 302, 757
Hornschemeier A. E., Brandt W. N., Garmire G. P., Schneider D. P., Barger A. J.,
Broos P. S., Cowie L. L., Townsley L. K., Bautz M. W., Burrows D. N., Chartas
G., Feigelson E. D., Grifﬁths R. E., Lumb D., Nousek J. A., Ramsey L. W.,
Sargent W. L. W., 2001, Astrophys. J., 554, 742
Hynes R. I., Clark J. S., Barsukova E. A., Callanan P. J., Charles P. A., Collier
Cameron A., Fabrika S. N., Garcia M. R., Haswell C. A., Horne K., Mirosh-
nichenko A., Negueruela I., Reig P., Welsh W. F., Witherick D. K., 2002, Astron.
Astrophys., 392, 991
Illarionov A. F., Sunyaev R. A., 1975, Astron. Astrophys., 39, 185
Inam S. C ¸., Baykal A., Beklen E., 2010, Mon. Not. R. Astron. Soc., 403, 378
Irwin M., Tolstoy E., 2002, Mon. Not. R. Astron. Soc., 336, 643
Irwin M. J., Demers S., Kunkel W. E., 1990, Astron. J., 99, 191
Ishida M., Morio K., Ueda Y., 2004, Astrophys. J., 601, 1088
Kaastra J. S., Mewe R., 1993, Astron. Astrophys. Suppl. Ser, 97, 443
Kahabka P., Haberl F., Payne J. L., Filipovi´ c M. D., 2006, Astron. Astrophys., 458,138 Bibliography
Rappaport S., Ma C. P., Joss P. C., Nelson L. A., 1987, Astrophys. J., 322, 842
Reig P., 2011, ApSS, 332, 1
Reig P., Fabregat J., Coe M. J., 1997, Astron. Astrophys., 322, 193
Reig P., Negueruela I., Coe M. J., Fabregat J., Tarasov A. E., Zamanov R. K., 2000,
Mon. Not. R. Astron. Soc., 317, 205
Reig P., Torrej´ on J. M., Blay P., 2012, Mon. Not. R. Astron. Soc., 425, 595
Reynolds C. S., Nowak M. A., 2003, Phys. Rep., 377, 389
Rieke G. H., Lebofsky M. J., 1985, Astrophys. J., 288, 618
Robinson E. L., Ivans I. I., Welsh W. F., 2002, Astrophys. J., 565, 1169
Russell S. C., Dopita M. A., 1992, Astrophys. J., 384, 508
Sana H., de Mink S. E., de Koter A., Langer N., Evans C. J., Gieles M., Gosset E.,
Izzard R. G., Le Bouquin J.-B., Schneider F. R. N., 2012, Science, 337, 444
Sasaki M., Klochkov D., Kraus U., Caballero I., Santangelo A., 2010, Astron. As-
trophys., 517, A8
Sch¨ onherr G., Wilms J., Kretschmar P., Kreykenbohm I., Santangelo A., Rothschild
R. E., Coburn W., Staubert R., 2007, Astron. Astrophys., 472, 353
Schuster H.-E., West R. M., 1976, Astron. Astrophys., 49, 129
Shakura N., Postnov K., Kochetkova A., Hjalmarsdotter L., 2012, Mon. Not. R.
Astron. Soc., 420, 216
Shore S. N., Sanduleak N., Allen D. A., 1987, Astron. Astrophys., 176, 59
Shtykovskiy P., Gilfanov M., 2005, Mon. Not. R. Astron. Soc., 362, 879
Skinner S. L., Simmons A. E., Zhekov S. A., Teodoro M., Damineli A., Palla F.,
2006, Astrophys. J. Lett., 639, L35
Slettebak A., 1982, Astrophys. J. Suppl. Ser., 50, 55
Smith D., Remillard R., Swank J., Takeshima T., Smith E., 1998, IAU Circ., 6855,
1
Stanimirovic S., Staveley-Smith L., Dickey J. M., Sault R. J., Snowden S. L., 1999,
Mon. Not. R. Astron. Soc., 302, 417
Stella L., White N. E., Rosner R., 1986, Astrophys. J., 308, 669
Str¨ uder L., Briel U., Dennerl K., Hartmann R., Kendziorra E., Meidinger N., Pfef-
fermann E., Reppin C., Aschenbach B., Bornemann W., Br¨ auninger H., Burkert
W., Elender M., Freyberg M., Haberl F., Hartner G., Heuschmann F., Hippmann
H., Kastelic E., KemmerS., Kettenring G., Kink W., Krause N., M¨ ullerS., Oppitz
A., Pietsch W., Popp M., Predehl P., Read A., Stephan K. H., St¨ otter D., Tr¨ umper
J., Holl P., Kemmer J., Soltau H., St¨ otter R., Weber U., Weichert U., von Zanthier
C., Carathanassis D., Lutz G., Richter R. H., Solc P., B¨ ottcher H., Kuster M.,
Staubert R., Abbey A., Holland A., Turner M., Balasini M., Bignami G. F., LaBibliography 141
p. 135
Zickgraf F.-J., Wolf B., Leitherer C., Appenzeller I., Stahl O., 1986, Astron. Astro-
phys., 163, 119
Zickgraf F.-J., Wolf B., Stahl O., Humphreys R. M., 1989, Astron. Astrophys., 220,
206
Zickgraf F.-J., Wolf B., Stahl O., Leitherer C., Klare G., 1985, Astron. Astrophys.,
143, 421
Zorec J., Briot D., 1997, Astron. Astrophys., 318, 443